Effect of electrical field stimulation on dorsal root ganglion neuronal function.
Neural stimulation may provide analgesia for a variety of painful conditions. Activation of primary sensory neurons, which underlies pain relief by spinal cord stimulation, also may be achieved by stimulation at the level of the dorsal root ganglion (DRG). The DRG also is a site of pain pathogenesis, particularly in neuropathic pain. We therefore examined the hypothesis that field stimulation of the DRG directly suppresses excitability of sensory neurons. Intercellular Ca2+ level (Fura-2 microfluorimetry) and membrane potential were recorded in excised rat DRGs with ganglionic field stimulation (GFS) delivered by wire electrodes in the bath solution adjacent to the DRG. Neuronal excitability was evaluated by number of action potentials (APs) generated during neuronal depolarization, conduction velocity during axonal stimulation, and AP propagation failure. These were measured before and after 90 sec of GFS at 60 Hz. Data analysis employed chi-square, paired t-test, and analysis of variance. GFS using 400-μsec pulses and 30 V generated Ca2+ influx, indicative of DRG neuronal activation. Fewer neurons were able to fire one or more APs after GFS (N = 23) than in control neurons without GFS (N = 24, p < 0.05), and fewer neurons were able to generate multiple APs after GFS compared with time controls (p < 0.05). GFS significantly reduced conduction velocity compared with baseline before GFS (N = 16, p < 0.05) while there was no change in the controls (N = 18). The peak rate at which APs could be propagated was reduced in 9 of 16 neurons by GFS, but propagation efficiency was reduced in only 4 of 18 control neurons (p < 0.05), and the total number of APs generated in an ensemble of stimuli at different frequencies was reduced by GFS (N = 16, p < 0.05) but not in time controls (N = 18). Our findings indicate that direct excitation of the DRG by electrical fields reduces neuronal excitability and may provide a new analgesic approach.